Neurofibromatosis 1 (NF1) is a common autosomal dominant disorder that causes several systemic diseases. Many studies have reported that NF1 is associated with intrathoracic meningoceles and scoliosis. The incidence of vertebral artery dissection is estimated to be 1-1.5 per 100,000 population. We experienced an autopsy case of massive intrathoracic hemorrhage due to spontaneous vertebral artery dissection in a patient with NF1, who had intrathoracic spinal meningoceles and scoliosis. A 47-year-old man was found dead at his home in the morning. He had a history of NF1 including numerous cutaneous neurofibromas and hyperpigmented macules, scoliosis, and deformity of the leg. The autopsy revealed the dissection and rupture of the left vertebral artery, and a pseudocyst that had formed due to arterial leakage on the wall of the meningocele on the left side. The pseudocyst had eventually ruptured and leaked blood, resulting in a massive hemothorax on the left side. Thus, it was revealed that the patient had suffered from NF1-associated intrathoracic meningoceles and scoliosis, and we concluded that the cause of his death was a massive hemothorax on the left side, caused by the dissection and rupture of the left vertebral artery.
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intrathoracic spinal meningoceles and scoliosis.
Case Report
A 47-year-old Korean man was found dead, lying in the supine position on his bed at home in the morning. The patient's day previous to death had reportedly been uneventful, and he had gone to bed as usual. The patient had a history of NF1 including numerous cutaneous neurofibromas and hyperpigmented macules (Fig. 1A) , deformity of the leg (Fig. 1B) , and scoliosis (Fig.  1C) . Postmortem computed tomography (CT) performed before the autopsy revealed a 'white-out' of the left thorax, with a mediastinal shift to the right (Fig. 2) , and bilateral round masses in the superior intrathoracic area (Fig. 2B ).
Autopsy revealed a massive hemorrhage with blood clots (more than 2,300 mL) in the left thoracic cavity, and the leakage of blood from the left intrathoracic round mass (Fig. 3A) . Upon further dissection, the bilateral intrathoracic masses at the T2-T3 intervertebral foramen were revealed to be spinal meningoceles filled with clear cerebrospinal fluid. A blood and hematomafilled pseudocyst was found at the wall of the intrathoracic meningocele on the left side ( Fig. 3B-D) . Upon close examination of the neck, bilateral thoracic cavities, and the area of the meningoceles, we found a dissection and rupture of the prevertebral segment of the left vertebral artery as the focus of the bleeding (Fig. 4) . We concluded that a dissection and rupture of the left vertebral artery had occurred, leading to arterial leakage, which, in turn, had led to the formation of the pseudocyst on the wall of the meningocele on the left side. The pseudocyst had eventually ruptured and leaked blood into the thorax, resulting in a massive hemothorax on the left side.
The autopsy further revealed a 0.5×0.4 cm mass in the left lobe of the thyroid gland, which was confirmed to be an adenomatous hyperplasia. The left anterior descending coronary artery showed mild coronary atherosclerosis. The dissected surface of the collapsed left lung showed a pale appearance due to the hemothorax. The liver showed a mild fatty change, and a 1.8×1.5 cm mass in the small bowel, which was confirmed to be a gastrointestinal stromal tumor. Histopathological examination was performed to confirm all of the pathological findings. The toxicological findings were negative for toxins. The blood alcohol concentration was less than 0.010%. In summary, the postmortem diagnoses by CT, autopsy, and histopathological examination revealed that the patient had suffered from NF1 with intrathoracic meningoceles and scoliosis. We concluded that the cause of his death was the dissection and rupture of the left vertebral artery resulting in a massive hemothorax on the left side, based on a comprehensive assessment of the findings from the autopsy and the histopathological, toxicological, and blood alcohol tests.
Discussion
Many studies (including case reports, autopsy reports, original articles, etc.) have reported the occurrence of ruptured aneurysms, intrathoracic meningoceles, or scoliosis in NF1 patients [6] . However, reports about the dissection of arteries in NF1 patients with meningoceles or scoliosis are rare [7, 8] . Miura et al. [7] reported spontaneous hemothorax due to the dissection and rupture of the subclavian artery in a patient with NF1. They reviewed 12 Japanese studies related to spontaneous hemothorax in NF1 patients, and found no cases of vertebral artery dissection [7] . Fohrding et al. [8] reported spontaneous hemothorax in a patient with NF1 who had an intrathoracic meningocele; however, they could not find a distinct bleeding focus.
The diagnostic criteria for NF1 per the guidelines of the National Institutes of Health are as follows: (1) six or more café au lait macules (>0.5 cm in children and >1.5 cm in adults); (2) two or more cutaneous/ subcutaneous neurofibromas, or one plexiform neurofibroma; (3) axillary or groin freckling; (4) optic pathway glioma; (5) two or more Lisch nodules (iris hamartomas seen on slit lamp examination); (6) bony dysplasia (sphenoid wing dysplasia, bowing of the long bones, and pseudarthrosis); and (7) a first degree relative with NF1. A diagnosis of NF1 may be confirmed if two or more of these criteria are satisfied. In our case, NF1 was confirmed based on the fulfillment of criteria 1 and 2.
The etiology of ver tebral ar tery dissection is controversial; however, it is known that spontaneous conditions as well as traumatic ones can cause dissection [2] . In our case, there was no evidence of trauma in the patient's living circumstances or his autopsy findings, and therefore, we determined that the vertebral artery dissection had occurred spontaneously. Some reports show histological abnormalities in the arterial walls of NF1 patients [9, 10] . These studies have reported that intimal proliferation and weakness of the internal elastic lamina cause cerebrovascular aneurysms in NF1 patients. We hypothesized that those abnormalities could also cause dissection of the arteries in NF1 patients.
In conclusion, we experienced a rare autopsy case of vertebral artery dissection in an NF1 patient with intrathoracic spinal meningoceles and scoliosis. It is our opinion that all NF1 patients must be carefully examined for the possible presence of vertebral artery dissection during routine autopsy.
